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WEG L ABSTRACT
Predictions of the totszl emissivity cf nitrcgen-broadened
and self-broadened water vapor in the temperature range from
600° to 3000°K and optical depths from 0.1 to 10,000 cm atm are
made, based on a set of spectral sbsorption coefficients, fine

structure pazrameters which are temperature dependent but frequency-

udependent, aad the assuzption that the curve of growth is give:

[N

Ly a statistical band model. The usncertalnties 1. <he predicted
values are cazlculzted on the basis of the uncertainties in the
apsorption coefficients and the fine structure parameters at
various temperatures. A comparison of these predictions with
available limited experimental results shows satisfactory agree-

ment for the total emissivities and the individuzl band emis-~

sivities ¢f water vapor. 4
Uil et/
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INTRODUCTION
In & previous report,l we have calculated the upper limit (high-
pressure limit) to ihe total emissivity of hot water vapor as a function
of optical pathlengths and temperatures. In this 1imit the spectrum is
smpeared out. The fine structure parameter representing the spectrum is

set to infinity (i.e., the line spacing is equal to zero) and the gas

follows Beer's law approaching blackbody emission with increasing optical

depth.

In resl gases, the fine structure parameter is not infinite and the
blzckbody emission is approached more slowly *than in Beer's law with
increasing optical depth. The functional relationship between the erics-
sivity and optical depth is called the "curve of growth.” A number of
theoretical models for the curves of growth have been developed.g’3
Goody3 has treated the absorptivity of gas whose spectral lines zre
distributed statistically both in position and iatensity and showed the
applicability to water vapor. The expression for the curve of growth
contains the mean spectral absorption coefficient, the optical depth,
and a rotational fire struc{ure terr which is dependent on a collision

puraxeter and the mean line spacing. Moreover, both the absorption coef-

ficient, as well as the fine structure term, are functions of the tempera-

ture and frequency. At present, these functions are known only in limited

L
spectral regions and temperature ranges. It was shown that a set of
mean spectral absorption coefficients could be derived by band-averaging
the fine structure term and adjusting it in such a way that the integral

of the =zbsorption coefficients over a given vibration-rotation band




results in the known value of the band intensity.

It is the purpose of the present work tc use a set of spectral
abscrption coefficients and the temperature dependent but frequency
independent fine structure term to predict the total emissivity of water
vapor between 600° and 3000°K, as a function of the optical path in the
range from 0.1 to 10,000 cm atm. Although the spectral mean absorption
coefficients are based on experimental measurements up to 2750°K, the
fine structure term is known only to 1800°K. In addition, the statistical
band model by Goody has been shown td bé valid for very long paths at room
temperature cnly.s Therefore, the predictions of the total e;issivities
for high temperztures and long paths are not verified as yet. Neverthe-
less, we believe our predictions will be useful as first approximations
since the results compare favorably with other experimental results.

We have made comparisons of our predictions with existing experi-
mental results, both for the total emissivities as well as the band emis-
sivities. The first comparison is made with Hottel's standard charts.

It turns out that wherever Hottel's data are based on actuasl experimental
data, the agreemeat is good, but that in regions where Hottel's data are
extrapclations, disagreement exists. For the second comparison, the collected
band emissivities by Edwards and coworkers,7 Burch and Gryvnak,B and by

the present authors were used. The agreement is found to be satisfactory.

CAICULATIONAL PROCEDURE

The total emissivity of a gas, > is given by

o7 PN
eT(T,pT,c,z) = ——H‘J ef{w,T) No(m,T) Aw (1)

oT



where NDG»,T) is the blackbody energy, e(w,T) is the spectral gas emis-

sivity, the total pressure, ¢ the concentration of the emitting species,

Pp
4 the geometric pathlength of the radiating gas, ¢ is the Stefan Boltzmann

constant, T the temperature in °K, and w the wavenumber.

In the statistical model, the spectral emissivity is given by

elw) = l—exp[- g%%%} (2)

where W(w) is the average equivalent,width and d(w) is the average line

3

spacing. Goody has shown~ that the curves of growth are quite insensitive
1o the choice of the line intensity distribution functions. When the
smmoothed absorption ceoefficient and mean line width to line spacing ratio
sre chosen so that the curves of growth agree in the optically thin and

. - W .

in the square root limits, the values of (5) corresponding to a delta
function, an exponential or a 1/S distribution differ by at most 25%.

In the present analysis, we have used the intermediate form corres-

ponding to an exponential distribution”of line intensities:

where k{w) is the mean absorption coefficient, u the optical depth (at
STP), and a is the band averaged fine structure parameter. In several

cases a 1/8 distribution of line intensitie59 was used in the form

g z = 28 ( ¢6:T§1;:§T._1> and compared to the present analysis.

The differences in & are found to be less than 4L0%. The parameter & is




proporticnal to the band averaged value of the ratic of the collision

half-width to the line spacing, y/d. The collision half-width can be

T T
o R s o] ©

where yo is the half-width due to water-water collisions at To and 1 atm,

written as

(¢l

is the mole fraction of water, o' is the ratio of the broadening ability
of the non-resonant 320 dipoles to the self-broadening ability of HQO, and
9, ijs the ratio of the broadening ability of the nonabsorbing gas to the
self-broadening ability of HEO' Equation (4) can be rewritten in terms

of an equivalent pressure, P,

where

T ’
1 / o, G 7
pe = pT [C(a—; -—T- + a—; -l) + l_; - (6)

Note, that at T = T_ and o’ = 0, Eq. (6) reduces to

e}

Pe = [p'r * <El; - > pﬁgo} (62)

which is identical to an expression frequently used in the literature,lo

since l/cx = B.
The average line spacings E(T) were obtained from 80 spectra of the
2.7- and 6.3-y bands. Eech point has about a factor of 2 uncertainty.

The overall spread of points is mostly within a factor of 5, but can be
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large as a factor of 10 (at 1200°K for instance). The straight line

} 4
623

a lesst square fit to the points and is given by
d(T) = exp[- .00106T + 1.21] (7)

One point at 2200°K is obtained from the rotational band. The majority
of points is restricted to temperatures < 1800°K.

The two combination bands at 1.87 p and 1.38 4 are much weaker than
the fundamwental bands. Room temperature absorption spectra of the 1.87-u
band indicate that the value of d is practically the same as that obtained
frem the two fundamentzl bands. Values of d derived from the data presented
by Nelsonll are generzlly higher than values of d ottained Trom his data
for ihe two fundamental bands, but the experimental uncertainty in his
measurements does not permit any definite conclusions. In the absence
of further information, it is assumed that the E(T) for the two combination
bands is the same as that deduced for the fundamentsl bands. The average
absorption coefficients were given in Ref. 4. In general, the mean
deviation of the zbsorption coefficients taken from‘the individual spectra

within £ 20%. In some portions of the gpectra, where the zbsorpticn -

ot
Lz

coefficient changes rapidly, z much greater spread in the individual

ebsorption coefficients was observed. The large spread here is probably
introduced by small errors in the wavenumber calibration of the different
measuring instruments.
RESULTS
The calculation was performed for seven temperatures, five total

pressures, and three partial pressures. Nitrogen was "chosen as the




fereign-gas broadener.* The following parameters were used in the calcu-
lation: yo = 0.5 cm_latm-l; 5, =‘0.165; ¢ =0.1; T = 300°, 600°, 1000°,
1500°, 2000°, 2500°, and 3000°K; ¢ = O, 0.5, and 1.0; Py = 0.1, 0.5, 1.0,
2.0, and 5.0 atm. The results of the calculations are given in Figs. 1-15,
where the €m is plotted versus pl (cm atm) at the different temperatures.
Bach graph is for one condition of ¢ and P In order to show the dif-
ference between this calculation and the total emissivity calculation in
P s

is the total emissivity

the high pressure limit, we have plotted the ratio W(PE,T) = (eT/e

14

T

in the high pressure limit. Figure 16 is a plot of eé versus pf, and

s function of the equivalent pressure P> where ¢

Figs. 17-22 are plots of T versus P, for different temperatures. The
smaller the value of T, the greater is the influence of the fine structure
parameter. For large values of equivalent pressure, the ratic T approaches
unity, i.e., the high pressure limit. It is noted that the greatest
influence is for optical depths between 10 to 100 cm atm.
ERRCOR ANALYSIS

The error analysis is based on the uncertainties in the spectral

abscrption coefficient k, the line spacing 4, the foreign-gas broadener

effect Ty and the interaction c¢f non-resonating dipoles og'. Based on

the analysis in Ref. 4, we have chosen Ak = + 20% and Ad = + 100%. In

addition, we have set Aax =+ 20% and AU' + 100%. The results are shown
in Figs. 23-25, as a function of pL for the three temperatures, 555°,

1670°, and 2780°K. In Fig. 26, we show the error as a function of the

fIn a subsequent report we will discuss the influence of other foreign-

gas broadeners.




temperatures for three selected optical depths. Although the uncertain-
ties selected for the individual parameters were Quite large, the total
emissivities are affected by less than + 22% for plL 2 1000 cr atm. It
is to be noted that the error decreases with increasing optical depths.
At optical depths greater than 1000 cm atm, the influence of additional
uncertainty on any of the four parameters will be small.

An additional study of the influence of the 57! mode1” on the total
emissivity was made. It turns out that €n becomes larger when the S—l
lipne intensity distribution is used instead of the exponentizal one. In
Fig. 27, the deviation is plotted versus pL for the three temperatures,
555°, 1670°, and 2780°K.

COMPARISON WITH EXPERIMENTAI DATA

The first comparison (a) was made with the total emissivity tables
giver by Hottel and Egbert6 where ¢ = O and Pp = 1 atm, including the
correction chart for different partial and total pressures. The second

comparison (b) was made with existing experimental band emissivities.

a) Comparison with Hottel and Egbert

We have calculated ej at T = 555°K (1000°R), 1670°K (3000°R) between
0.1 cm atm (0.003 ft-atm) and 10,000 cm atm (300 ft-atm) with zero partial
pressure at 1 atm total pressure and nitrogen broadening (cx = 0.165).
The result of the calculation together with Hottel's6 values is shown in
Fig. 28. Hottel's extrapolated values are the dashed lines. It is
found that satisfactory agreement exists between our calculation and
Hottel's data in most regions. Only at the higher temperatures and

greater optical depths (Hottel's extrapolated regions) do we find greater

discrepancies.



In order to correct for the effect of total and partial pressure
on the total emissivity, Hottel and Egbert6 gave a chart of the ratio
e/e* versus 0.5 (pT + Py 0), where ¢ is the total emissivity of water
vapor, e* is the total eﬁissivity of water vapor at 1 atm total pressure
znd zero partial pressure of H20. In this chart, curves are given for
optical depths between 0.05 ft-atm and 10 ft-atm. To compare our results
with the correction chart, we have calculated the ratios e/e* for .1 < p,
£ 5.0 atm, ¢ = 0, 0.5, and 1.0, and 600 < T < 3000°K at pL = 1 cr atm
ard pL = 100 cm atm, which are approximately the limits Hottel has used.
The comparison for pL~ 1 cm atm is shown in Fig. 29. The verticzal bars
represent the range, in which the ratio e/a* varies for different concen-
trations and temperatures. The values at the highest temperature (3000°K)
are always at that end of the bars which is closest to e/e* = 1. This
behavior is to be expected, since for small optical depths the ratio
e/e* should approach unity, and first at higher temperatures. The agree-~
ment between our data and Hottel's curve is poor at this optical depth.
It must be remembered that Hottel's curve (at pL = 1.5 cm atm) is based
on only a few measurements of several investigators, whose data show
considerable spread. The comparison at pL = 300 cm atm is shown in
Fig. 30. In this case, the agreement is very good. The variation of the
ratio e/e* with temperature is less than in the case of pL = 1 cm atm,
& fact which is apparent also in Hottel and Egbert's original plots (see
Fig. 15 of Ref. 6). These authofs chose not to show this temperature
varlation in order to simplify their final working curves.

b)  Comparison with Band Emissivities

Over the years many measurements of the band emissivities up to




1200°K were made by different workers. Recently, Edwards, et al,7 have
summarized these measurements and presented correlations in terms of wide-
band adaptation of the Bayer-Goody statistical band model using a mean

lire width to line spacing ratio and spectral band contours calculated in
the just-overlapping line model by Gray.l2 They then compared the measured
band absorptances with their calculated values and gave the RMS value of
the deviations for each individual band. We performed a similar comparison
and the results are given in Table I. The first entries for each band

7 including the entries up to the tempera-

were taken from Edwards, et al,
ture of 1111°K. The next entries in the 2.7-u band (900°-1500°K) were
takxen from Burch and Gryvnak,8 while the rest of the data were taken from
cur own measurements. At the end of the listing for each band, the RMS
value of the deviatlons is given. Except for the rotational band, the
RMS values are within & 21%.
SUMMARY

Total emissivities of nitrogen-broadened and self-broadened water
vapor are predicted in the temperature range from 600°K to 3000°K and
cptical depths from 0.1 to 10,000 cm atm. Comparisons with existing
experimental data at moderate temperatures and optical depths up to
300 cm atm show satisfactory sgreement.
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Fig. 28. Comparison of computed total emissivity of purely nitrogen-
broadened water vapor with Hottel's® result at 555°, 1670°,
and 2780°K at a total pressure of 1 atm.
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DEGReK

SSS,.
555,
S55Se.
555,
555
555,
5855
555
833,
833.
833.
833.
833,
833.
833,
833.
833.
1111,
1111
1111
1111
1111
1111
1111l
1111.
5C0.
540,
850,
620,
1040,
1640,
1830,
22CG0,
2200,
2750
2753

300,
300,
3C0,
300,
300,
3C0,

TABLE |

COMPARISON OF MEASURED AND CALCULATED BAND AoSORPTION

w
G/SQ M

PT
ATM

C

ROTATION BAND (8C0-1000 1/CM)

30646
i53e3
S0 e¢9
1643
1643
1641
6489
1e76
204 .4
1C02.2
108.1
605
10,9
109
1C.9
4.56
1e¢18
1533
6.7
4T3
Bel9
Be416
Beld
3ed5
«88%
2+60
2¢57
2439
2eS2
2431
2e26
2428
233
233
102
102

6e3-MICRON BAND
14900,
12C00.
12C00,
€870
6870
6870,

2e
100
«504
275
1.09
el
119
2e
l1+00L
109
«6506
o276
1.009
2475
1el6
1420
2.C0
1.00
«603
«273
1e10
2475
1e¢16
119
140
10
1.0
1.0
1.0
1.0
1eGC
19
140
120
120V

0.016
¢ 969
04,013
+ 969
«410
«083

S

le
1.0
le
e 04
«40
«10
«04
«01l
l1e0
14C
le
l1e0
040
10
« 04
« 04
«C1
10
10
10
«40Q
010
e 04
e« 04
«01
e 20
21
«3
23
«36
« 55
&2
e 74
«74
+ 648
e 5648

s 014
le
«Ql4
¢ 032
« 159

A-E X
1/CM

292
202«
102.
33.2
2246
26..5
139
Fe5
293,
214G
153
152
3le5
47
S4e
293
Be7
374 .
280,
19ceb
35«5
559
8665
4248
14el
10.8
9'3
173
Feb
2847
75l
126l
14944
14548
7848
8248

5646
T4D e
545.
719
659
560

A-CAL
1/CM

13242
P4, 1
673
255
17e2
21le6
1ie6

3.8
£96+6

21962

22665

163.1
4647
60,9
7420
3540
13.0

37442

2878

2eceS

668
S8Ye3

10843
SCe %
2061

444
Sel
Clheb
Te3

36.8
B8B83

1056

1367

13647
93«4
93e4

64344
88365
593e44
Blle4
72867
5PYe3

Dev

PERCENT

55

=
-t

34
23
24
19
17
60
-1
-2
-48
-7
-45
~30
-37
-19
-49
-c
-3
~-16
=70
-60
-£5
-23
-43
59
45
17
-28
-16
16

-18
-13
(33

~1l4
-13

—
-—
>

-13
-11
-7

RMS)



T
DEGReK

300.
300,
300,
300,
300.
300,
300,
300.
300,
3C0e.
300,
300,
300
300
300,
300
300,
555,
555
555,
S55.
555«
55%.
585,
5955«
555,
833,
833.
833
833.
833.
833,
833.
833,
833.
1111,
111te
1111
1111

1111e

1111,
1111
111t
1111,

860,
1070,
108%.
110C,.

G/7SQ M

6870,
1720,
1720.
1720,
17CCe
213,
213
213
2313:
9%,
35
S95e
95
36,
34.
17
17
307
153
89,
163
16,3
16,3
1T3
6.92
le79Q
204,
108,
102
6C.8
109
10.9
109
Q4056
lelQ
153,
767
4543
45,0
8.23
8a.21
8e18
3e49
« 887
239
2e3
2e3
23

TABLE 1

PT
ATM

Q013
CeG69
0e«382
0«0C7T
C«003
Celb2
Ce072
Ce013
0003
0 e945
Q526
Oe263
0.034
1.00
0«004
OCel101
0004
2.0
10
04604
2«746
1091
Q6274
1.094
14157
1.189
2.00
109
100
« 506
275
1.09
o276
1.16
120
2.C0
100
0e60
0«60
275
110
e273
1e¢l16
1e¢19
10
10
10
140

L2

(CONT D)

C

loe
Oe014
0«0172
le

le
Ce0203
00455
Q2%
le
00247
0e0625
Cel25

0962

0004
1«0
00366
10
1.0
10
100
O.04
Oe10
e 04
Oel0
O.0a
Oe01!
10
1.0
le0
1.0
04
¢10
« b
¢ 04
001
10
1«0
10
1.0
0+04
el
4
« 04
«+ 01l
«3
e 36
¢ 37
37

A-EX
1/7CM™

477
596,
513.
270
238
247.
184,
130
664
335,
287
236,
223
216
31.8
6Ce3
250
7644
621,
503.
235,
1787
14742
182,
108.9
S53.
T66.
542,
594,
479,
19447
17445
1129
10643
2648
T79
654 4
467
AT9e
19342
153.2
985
952
34.6
4543
48,1
5546
S56e7

A-CAL
1/Cm

5273
6377
54545
30144
22144
23042
1770
1129
Fie9
30340
268.2
23045
17643
20%5.7
Q44,1
63.6
313
Bl4.a
65C.5
S5C2.8
24446
20041
113.2
193,7
1187
462
874 .8
67802
655.6
48640
21443
17761
13543
994
3545
GC03.6
655,11
470e4
46940
195.6
165.1
1258
B9
292
6540
ET7ec
67.6
67.9

DEV
PERCENT

-11
-7
-6

-12

5

2

4
13
-39

i0

7
2
21
s
-39
-6
-25
-7
-5
0
-4
-12
23
-6
-9
13
-14
-25
-10
-1
-10
-1
-£0
6
-32
-16
_.Q‘
-1
2
-1
-8
-c8
6
16
-43
-39
-21
~-20



T
DEGReK

1140,
1300,
1380,
14%C,
1450,
152C.
1520,
153S.
185C.
1930
2200
22C0,
275C
2750
2750,
2750
2750

30C.
300
300,
30Ce
30C.
3C0.
300
300,
300,
300,
300,
300
30C.
300,
3C0.
300,
300,
300,
300,
300,
300,
300,
300,
3C0.
300,
30C.
300,
555.

w
Gssa M

2429
2295
225
2s285
225
225
225
226
Ce28
23

233
2433
102
204
102
1.C2
102

2¢7-MICRON BAND

21000,
210004
21000,
168G0e.
11200,
11200.
11200
6440,
65440,
6440,
280C.,
2800,
2800,
14C0.,
14C0.
1400,
644,
644.
172
172

238

23.8

23.8
1010
1010,
1010
1C10.
307,

TABLE 1

PT
ATM

10
10
10
10
10
1eC
g

1.0
iel
10
10
10
12
le2
1«2
1e2
le2

«397
Cel71
Oe.082
0« 966
D566
0397
0e021
0973
D.184
Ce0ULY
0966
04397
0,021
0.966
De397
0.083
Qo066
04010
OeC33
0.003
1.00

525
C+066

7756
305
122
45
20

43

(CONT L)

c

¢ 38
e43
086
e 4B
048
-

«48
«55
562
o685

74

e 74
648
648
«e548
e 548
«6548

O+054
Cel25
Ce263
Oe022
Oe022
Oe 054
10
04007
Ce 036
1eC
Ce022
« 054
10
Ce022
Ce(054
0.259
Q.15
10
Ge08
0e953
0.008
« 015
Cel2
0s028
Cs072
Oel178
0469
10

A-EX
l/7CMm

6lel
Ble2
T1:6
98,8
951
B86.8
903
807
G4l
970
1003
100.0
4044
8348
432
4543
44841

1104
1802
940
1158
1064,
66
781 e
P31
T2l e
4B86.8
809G
T23
S6Ze3
£9F e
€23ec
5071
3398
2596
1418
835
155
125,
59
664 .
S82e
518
462
740

A-CAL
1/7CM

683

TUe8B
7263
735
T35
T4.9
T4.9
760
8366
8640
Y18
918
Glel
Toe8
464 4
4644
4644

1006.3
900e4
8370

110145

10187
86840
6Tce8
89849
66149
43647
T57«4
6563
47047
64045
54943
42840
276e2
21 7e9
1081

706
11546

596
7969
7963
795.4
7943
T751

DEV
PERC

-l2
13
-1
25
22
14
17

[

U
LMY OO -0

o~
— s [y

(=]

"
DOV OCBWRTLE,U~OVW

ENT

RM3)




DEGR K

555,
855.
558,
558,
58,
555,
555,
555,
833.
833.
833,
833,
833,
833,
833,
833
833.
1111
1111,
1111
111le.
1111,
1111,
111le
1111
1111,
900,
900,
900,
9CC,
900,
1200,
1200,
1200,
1500,
1500,
1500,
545,
980,
1220,
1500,
1830,
2150,
2750,
2750,
2750,
2750,

G/ss@ M

153,
89
1663
1643
1643
153

692

178
204,
1C8e.

102
60.8
10,9
10,9
10,9

4456
1e¢19

153,
767
4543
45,0

8423
Be21
B.18
3.49
Ce887
1619
2e41
G671
FedS
188
Je55
Tel
141
l1ed4
2.84
Seb69
257
233
227
2¢24
228
232
103
96
1692
102

TABLE 1

PT
ATM

1.C
0.5604
2e¢75
109
Oe274
1.09
116
1419
240
1.09
1.0
0606
275
109
Q276
lel16
1420
240
140
04603
0«603
2750
110
0e273
lel6
1.19
« 0625
127
0249
«5
le
0249
5
le
127
. 249
3
le
le
le
le
le
le
l1e2
1+12
1el2
12

(CONT..D)
ot

10
le
0404
10
«40
Oel10
Q04
Oe01
140
1.0
140
10
0e04
Q0410
«40
.04
001
140
10
10
10
Oe04
010
0e4C
Oe04
CeDt
le
le
le
le
le
le
le
1e
le
le
le
21
« 34
o4
5
61
72
o548
645
645
648

A-~E X
1/7CM

S5Fe
4707
19748
156
11643
151 e2
9Ce4
3246
T4l
500
576
425
1536
14044
9F .4
Ble3
245
785«
560
406,
416
13S.
126,
101,
77
220
13.9
4544
77«5
1560
291
80
146,
248
2649
49.4
1350
5641
4347
479
5148
S4.
6Fe5
2843
263
54 49
28.2

A-CAL
1/7Cm

60242
45641
21044
17201
13248
16642

99.9

36.8
aps.8

- &

6130
59143
430645
1797
149.5
11448

8le6

ETe6
8374
585e4
41063
40960
15644

1343°

104.1
70«4
cle5
2049
41e7
T9e4

12041

cTOeb
CTes

12946

238e7
2943
S7e9

1127
49.8
0.8
508
Slec
DGe3
583
c8ae7
268
246
£8e4

bev
PERCENT

-8
3
-7
-10
-14
~10
-4

15
11
&4
-11
-17
16
11
-16
-6
1
-1
16
-1
-2
4
-1

(16 RMS)




T
‘ DEGReK

300,
3C0.
300,
300,
300,
300,
300,
300,
300,

300,

300,
300,
300,
3C0.
3C0.
3C0.
300.
300,
300
555,
555,
555,
558,
. 555,
5556
BES,
555
833.
833.
B33.
833,
833,
833,
833,
1111
1111,
1111,
1111,
1111.
1111,
1111,
1111,
8890,
1020,
1100,
1160,
1200,

W
Gr/ssQ M

1.87-MICRON BAND
38500
18500,
143C0,
5310,
5310,
5310,
1710,
171C.
1710,
480, ‘
480,
480,
120,
120,
33,
33.
33.
33.
33.
307.
153,
89
16,3
1643
163
153
Ge92
204,
108,
102
60.8
10,9
10,9
1049
153,
TEe7
4543
4540
8.23
8.21
8.,18
3.49
2437
232
2¢3
2.28
2¢27

TABLE I (CONT.D)

PT
ATM

Q132
Oel4l
0.013
0+368
0,026
04007
0e973
0263
0.058
0,273
C«8C7
Qe022
0973
0«0224
1.0
(oY 192
Oel61
04061
00072
2.00
1.00
0,604
2e¢TS
1.09
Qe274
1.09
116
2.0
1.09
1.0
0e606
275
109
0276
200
10
04603
04603
275
110
04273
lel6
1,0
1.0
1.0
1.0
1.0

Cc

0280
0092
10

« 019
Qo268
1«0
Ce89%9
06193
0.053
0:022
O0e015
0e941
Oe022

e 941
0007
Ce01l8
0045
Csl2
10
100
100
10
Ce04
Cel0
D+40
OelO
0«04
leC
1«0
10
10
004
0.10
040
10
10
10
140
0«04
CelO
040
0.04
31
«34
«37
e 39
4

A-EX
1/CM

ST7Z2e
458
345,
Q07
216
182
395
314
2716
229
207
114.
126.
Sle
Slel
3840
270
192
117
291
164,
124.
41e
3347
36.1
300
190
244,
132,
157
121.
28.1
27«6
3243
260,
152
106
107
27
2843
249
2246
Se3
Be
Fel3
Bsl
7.8

A=CAL
17Cm

4795
39048
28943
337.4
187.3
164,.,8
416.8
2618
1274
2078
164.6
936
113.2
49,1
S4.5
4160
299G
2242
1546
35843
2260
147,99
Q2.9
38.9
33.2
370
1847
3597
2209
209.5
133.9
33.3
31 e4
279
360e4
2033
12648
126.2
2Fe6
2863
257
127
Te7
TeS
Besd
846
8e8

DEV
PERCENT

16
15
16
17
13

-6
17
53

20
13
10

-7

-8
-11
~-15
-33
-23
-38
-19

-5
-15




TABLE 1 (CONT.D)

I." T w PT C A~EX A=-CAL DEV
PEGReeK G/7sSQ M ATM™M 1/7CM 17CM PERCENT

1880, 2¢2% 1.0 + 51 10e6 106 o]

1580, 225 le «53 10e3 1067 -3

1600, 225 1.0 353 117 107 8

162Ce. 226 1. 31 11l 10.8 e

1650, 226 140 55 1046 109 -2

1680, 2e26 1.0 s 55 11:6 110 S

1750, 227 le 59 116 1163 3

1900, 229 10 o84 1246 11e9 6

1900, 2¢3 10 064 118 119 -1

2150, 2032 le 72 137 13.1 4

21%0, 2032 i 72 127 126 H

2250, 2e 34 1.C 75 18e1 13.1 27

22%0, 234 1.0 75 2048 13.1 37

225C. 2434 1.0 78 14.0 1361 6

(21 RMS)
138-MICRON BAND

300, 5310, 00263 0426 282 e 1930 29

300« 5310, C.0068 10 257« 1705 34

30Ce 4120, Q0039 leC 147 1£0el i8

300. 4120, Qe263 Ue015 348. 317e6 9

30C. 240C., O0.131 Ce28 338e. 2740 19

300, 2400, 0037 10 303 242a7 0

' 300, 880, + 0973 04007 334. 27240 1g
‘l’ 300 880, Ce368 Ce0185 238 19744 17
300, agl. e 0696 Oe98 147« 2032 -38

3C0. 880, 0.0068 10 93 T6e2 23

| 30C. 440, Ce973 « 007 31l 201 e 4 35
% 300, 440, 04166 Oe.0412 143, 10943 26
300 440, C« 0068 100 T3 e 5448 Pa3e)

55%, 307, 200U 100 303 34569 -14

E3S. 153, 1000 100 194, <0Gl -5

555 89 0604 100 121 134461 ~11

S5Se 1663 . 2e¢75 Oe04 294 363 -3

555 163 Oe274 Ceal 317 29l 8

555 1563 1.09 Cel10 33.7 317 &

833, 204, 200 100 239 313.2 ~31

833. 108. 1.09 1.00 101 1879 -86

833. 1024 10C 100 144 . 17840 -24

833, 6C.8 Ce60H 100 113 11245 0]

833, 1069 109 010 277 . =53 9

11!1. 1530 2.00 1600 217' 286¢4 -3z

1111 767 100G 1400 124. 15746 -7

1111, 4543 0e503 100 760 972 -£8

1111e. 45,0 0603 1400 795 9647 -22

1111, Be2 110 Cel 227 208 9

1020, 2032 10 « 24 Te? Cel 21

1020, 232 10 35 640 6.0 0




DEGReK

116G,
1240,
1400,
1540,
1550,
1580,
1600,
1620,
1620,
1650,

1680,

1750,
1830,
1900,
13004
195C.
1960,
2150,
2150,
2250,
2250,
2250,
2250,

GrsG M

2e¢28
2026
2425
225
2025
2625
2425
228
2¢26
2426
226
227
228

229

23
203
23
2e32
232
2434
2e34
234
234

TABLE 1

PT
ATM

10
10
1.0
1.0
1.0
le

140
1.0
le

10
1.0
le

1.0
1.0
10
1.0
1.0
1.

le

140
1.0
10
1.0

b7

{CONT D)

C A-E X A-CAL
' l/CM o]

« 3% S50 Gel
o4} Gel 62
46 6e4 65
Sl Be3 6e7
+51 TS €8
«53 Teb Ge%
53 79 70
e 54 YY) T0
54 8.0 T0
-1 Tel Tel
«5S6 €9 T3
59 8.2 Teb
«51 Bel Te9
64 8.9 Bel
64 Te7 Bel
65 Bel Be4d
65 8.3 Bed
72 Beb Be9
72 8.2 Be3
75 117 Sel
75 1Ce6 Gel
«75 C Qe7 Fel
«75 FeB Sel

DEV
PERCENT

-23
-2
~1
19
10
g
12
-6
12
~1
-5

(21 RMS)



